A 70-year-old woman was admitted to our hospital for dyspnea and a fever of 2 weeks duration. Chest imaging showed bilateral infiltration, and a rapid diagnostic test for influenza virus, Mycoplasma pneumoniae, Streptococcus pneumoniae, and Legionella spp. was negative. She was intubated and mechanically ventilated and underwent bronchoalveolar lavage. Bronchoalveolar lavage fluid yielded no significant pathogens, and the multiplex polymerase chain reaction test was positive only for human bocavirus. Specific antibodies against significant pathogens were not increased in paired sera, so we diagnosed her with primary human bocavirus pneumonia.
Introduction
Human bocavirus (HBoV) is an emerging pathogen for which sequences were identified in 2005 by molecular screening in respiratory samples of Swedish children with lower respiratory tract infections (1) . HBoV is distributed worldwide and has been identified in every country that has tested for it. HBoV infections do not appear to be common in normal adults with respiratory illnesses but are mainly reported in immunocompromised individuals (2, 3) .
We herein report a fatal case of primary HBoV pneumonia in an immunocompetent adult and discuss HBoV.
Case Report
A 70-year-old woman was transferred to our hospital with severe respiratory failure and a fever in June 2018. She had developed general fatigue two weeks earlier and was admitted to another hospital nine days before transfer to our hospital. Chest X-ray and computed tomography at that hospital showed consolidation in the right lung field ( Fig. 1 ), whereas her left lung was clear. Sputum and blood cultures did not yield significant pathogens. She was diagnosed with pneumonia and treated with levofloxacin plus ampicillin/sulbactam, but her condition continued to worsen, and she was transferred to our hospital.
She had a history of atrioseptal defect for which she had received surgery at 20 years of age, but she had received no drugs until she developed her initial symptoms. She had never experienced repeated episodes of infection that would be suggestive of immunodeficiency. She had never smoked or drunk, nor had she ever been exposed to significant amounts of dust.
Her vital signs on admission included a blood pressure of 135/78 mmHg, heart rate of 115 beats/min, respiratory rate of 32/min, and body temperature of 37.5 . Her consciousness was clear. Chest auscultation revealed bilateral coarse crackles, and no murmurs were audible. No eruptions or peripheral edema was found. An arterial blood gas analysis under O2 at 10 L/min with a reservoir mask showed the following: pH 7.397, PaCO2 49.8 Torr, PaO2 62.0 Torr, HCO3 − 29.9 mmol/L, and lactate 1.40 mmol/L. Her white blood cell count was 29,700/mm 3 (neutrophils 28,400/mm 3 , eosinophils 0/mm 3 , basophils 100/mm 3 , monocytes 600/mm 3 , and lymphocytes 600/mm 3 A rapid influenza test and Mycoplasma antigen test using a nasopharyngeal specimen were negative, as were the urine antigens of Streptococcus pneumoniae and Legionella spp. A beta-D glucan and Aspergillus antigen test were both negative. An anti-HIV antibody was negative. Chest X-ray showed bilateral consolidation with air bronchogram ( Fig. 2a ). Chest computed tomography showed bilateral pleural effusion, bilateral consolidation with air bronchogram, and ground-glass opacities in her left lung (Fig. 2b, c) . Left ventricular motion on transthoracic echocardiography was normal with an ejection fraction of 65%.
She was admitted to the intensive-care unit and then intubated for invasive mechanical ventilation. We initially diagnosed her with acute interstitial pneumonia and started levofloxacin 500 mg daily, azithromycin 500 mg daily, and methylprednisolone 1 g daily for 3 days. Prednisolone 40 mg daily was started from hospital day 4, after which her respiratory condition and infiltration on chest X-ray improved ( Fig. 3a) . Bronchoalveolar lavage (BAL) obtained bloody BAL fluid with cell numbers of 1.48×10 3 /mm 3 (macrophages 1.3%, lymphocytes 65.8%, neutrophils 26.8%, and eosinophils 6.2%) but did not show any microorganisms on Gram staining or yield significant pathogens, including M. pneumoniae or Legionella spp. Neither hemosiderinladen macrophages nor atypical cells were found. We performed a multiplex, real-time polymerase chain reaction using an FTD Resp 21 Kit and FTD Legionella Kit (Fast Track Diagnostics, Silema, Malta), which can detect influenza virus, human rhinovirus, human coronavirus, human parainfluenza virus 1-4, human metapneumovirus A/B, HBoV, human syncytial virus A/B, human adenovirus, enterovirus, human parechovirus, Mycoplasma pneumoniae, and Legionella pneumophila and L. longbeachae, although only HBoV was detected. Repeated blood cultures during admission were all negative. During the convalescent phase, specific antibody titers against M. pneumoniae, Legionella spp., Chlamydophila pneumoniae, C. psittaci, influenza virus, adenovirus, RSV, and human parainfluenza virus did not increase significantly. We therefore diagnosed her with primary viral pneumonia due to HBoV.
Unfortunately, her respiratory condition and findings of infiltration on chest X-ray worsened, and she stopped responding to further corticosteroid therapy and antibiotics. Her condition deteriorated until her death on hospital day 22 from severe respiratory failure with broad bilateral infiltration noted on chest X-ray (Fig. 3b ).
Discussion
HBoV is predominantly found in respiratory secretions, and prevalence studies have indicated that it is found primarily in respiratory secretions from children with acute respiratory illnesses, at a rate of 2% to 20% (4). Although 
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found throughout the year, primary HBoV infection predominantly occurs in the winter and spring, as do many other respiratory infections. Evidence accumulated since 2005 supports HBoV as a genuine human pathogen causing mild to severe respiratory tract infections that especially target children (5) . Risk factors for severe HBoV1-associated illnesses include underlying chronic medical conditions, such as cardiac or pulmonary disease, prematurity with chronic lung disease, cancer, and immunosuppression (6); however, our patient had none of these conditions. HBoV is detected in nasopharyngeal specimens in about 0-8.6% of asymptomatic children (7) . Our hospital did not detect HBoV from BAL fluid in any of 50 asymptomatic adults (unpublished data), indicating the rarity of HBoV detection in BAL fluid from asymptomatic adults. Another study showed that HBoV DNA is rarely detected in respiratory samples of adult patients over 65 years of age with or without a respiratory tract infection (6) . Other studies have shown HBoV DNA to be common in tonsillar tissue taken from children with hypertrophic tonsils (8) . However, our patient was already intubated when BAL was performed, so the possibility of contamination by viruses colonizing the nasopharyngeal region can be ruled out. Although HBoV infection frequently involves coinfection with other patho-gens (9), our patient had a positive result only for HBoV, and we thus considered her to have primary viral pneumonia.
Several cases of severe, life-threatening, and even fatal respiratory HBoV infection have been reported, most of which were in children. Adult cases include one patient with hematologic malignancy who had severe pneumonia due to HBoV (10) and another with no underlying disease (11) . To our knowledge, there have been no reported cases of fatal HBoV infections in immunocompetent adults.
Chest CT findings of HBoV pneumonia in adults include bilateral consolidation (70.6%) and/or ground-glass opacities (64.7%), but centrilobular nodules are less frequent (14.7%) (12) . These findings were compatible with those of our patient, but they were nonspecific, and we had also initially diagnosed our patient with acute interstitial pneumonia. We subsequently changed the diagnosis to viral pneumonia based on a multidisciplinary discussion considering the positive results of HBoV.
No specific treatment currently exists for HBoV infection. Our administration of corticosteroid with antibiotics failed. The significance of corticosteroid use in the treatment of pneumonia remains controversial (13) , and our patient's condition progressively deteriorated until her death despite its use. Further studies are needed to establish an effective treatment for this infection.
One limitation of the present study is that we were unable to measure the quantitative HBoV viral loads in the respiratory BAL fluid of our patient. Although a previous pediatric study showed that this measurement can quantitate disease severity (14) , viral loads for HBoV infection are not routinely assessed in our hospital.
Conclusion
We herein report a fatal case of primary HBoV pneumonia. Despite the high prevalence of pediatric HBoV infections, the virus continues to be underrecognized by many physicians. Our case shows that, even in immunocompetent adults, HBoV is an emerging pathogen that requires closer attention (15) .
